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Abstract 
The corn stalk was first fermented by Trichoderma koningii to produce reducing sugar, then the production was re-
fermented by Trichosporon cutaneum to produce microbial oils. The best process conditions were obtained by 
orthogonal test through measuring the content of reducing sugar and microbial oils in product. The result shows that 
the reducing sugar content of the corn stalk fermented by Trichoderma koningii under the additive of Trichoderma 
koningii is 11 % at ph6 for 5d was 2.385 mg/ml. The microbial oils content of the corn stalk re-fermented by 
Trichosporon cutaneum under the additive of Trichosporon cutaneum is 9% at 28  for 7d  was 1.276g per 100g ć
fermentation products. The research provides a new way for utilization of corn stalk and also provides a new method 
for the development of microbial oils. 
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Keywords: Corn stalk; Trichoderma  koningii; Trichosporon cutaneum; Two-step fermentation; reducing sugar; Microbial oils. 
1. Introduction
Microbial oil is also known as single cell oil, it is stored in yeast, mold, algae and other oil-producing 
microorganisms at certain conditions [1]. It has many advantages to produce microbial oil. The 
microorganisms breed quickly which can shorten the production cycle. The raw materials are rich and 
cheap which can lower the costs .The production is not impacted by season and climate and easy to 
cultivate in large scale. 
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At present, the research of the production of microbial oil mainly focus on the production of high 
value functionality oil abroad[2-5]. While in China, many researches had also been done [6-10],they all do 
not consider the raw materials. It is in low level of industrial production and in poor economic feasibility 
because of the cost of raw materials. So, seeking a cheap raw material is the key of industrial production 
of microbial oil. 
Straws are abundant renewable resources on earth. According to FAO statistics, the annual production 
of straw in world is about 20-30 million tons. In China, the annual production of crop straw is about 700 
million tons which is in 20%- 30% of the total straw in world[11], and corn stalks, wheat straw, rice straw 
are more than 75% of it. At present, the corn stalks are mainly used to return field, to ferment as feed or 
to produce the fuel ethanol [12-15] etc. And the utilization rate is less than 60% of the total and the 
remainders were burned which caused great waste of resources and environmental pollution. If corn 
stalks are fermented to produce microbial oil for preparation of biodiesel, it can avoid being burned and 
causing environmental pollution and can also develop a clean and renewable energy way to solute the 
current energy crisis. 
In this work, the process conditions of the Trichoderma koningii ferment corn stalk to produce 
reducing sugar, and the Trichosporon cutaneum re-ferment the reducing sugar to produce microbial oils 
were studied to provide technical basis for the further production of microbial oil . 
2. Experimental
2.1 Materials and bacterial strains 
The corn stalks were collected in Hunan, China, in August 2009, which were cut off and dried at 72ć 
for 24h . The dried corn stalks were crushed with grinder [16] and deposited in Department of Biology and 
Chemical Engineering, Shaoyang University, Shaoyang, China.  
The microorganisms used in the experiment included Trichoderma koningii (GIM3.444) and 
Trichosporon cutaneum (GIM2.68). All microbial cultures were obtained from Microbial Culture 
Collection Center of Guangdong Province, China, and maintained on potato dextrose agar (PDA) at 
28ć.   
2.2 Preparation of media  
The composition of potato dextrose agar (PDA) [17]: 20% 
potatoextract1L,glucose20g,KH2PO43g,MgSO4·7H2O1.5g, vitamin B1, trace 8mg, agar20g, pH 6. 
Preparation of 20% potato extract: 200g of peeled potatoes were cut into small pieces , then 1000 ml 
water was added which was boiled for 20 min. After that, the potato pieces were filtered and the total 
volume was adjusted to 1000ml. 
The composition of Mandels nutrient solution [18]: KH2PO4 2g, (NH4)2SO4 1.4g, MgSO4·7H2O 3g, 
CaCl2 0.3 g, (Fe)2(SO4)3·7H2O 5mg, MnSO4 1.6mg, CoCl 2.0mg, distilled water 1000ml. 
The composition of solid state fermentation medium of corn stalk powder: Corn stalk powder 800 g , 
Bran 200g, Mandels nutrient solution 100ml, distilled water 1250ml. 
All medium were sterilized in High-pressure steam autoclaves at 121ć for 20min. 
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2.3 Activation and expansion of culture bacteria 
Trichoderma koningii and Trichosporon cutaneum were all cultured on potato dextrose agar (PDA) 
at 28ć. for 3d for three times. After that the activated Trichoderma koningii species were incubated in 
potato dextrose juice (PD) at 28ć for 4d and the activated Trichosporon cutaneum species were 
incubated in potato dextrose juice (PD) at 28ć for 3d .Then the producing strains were gained. 
2.4 Determination of reducing sugar 
The reducing sugars were determined by DNS [19]. According to the Table I, six clean test tubes were 
taken to do the experiment. Each test tube with standard solution of glucose was measured with 
spectrophotometry at 540nm and the glucose standard curve was drawn, the absorbance was expressed as 
ordinate while the standard concentration of glucose solution was expressed as abscissa.  
Table I Data of reagents in test tube 
Project No.of test tube  
 Blank 1 2 3 4 5 
Total sugar(mg) 0 0.2 0.4 0.6 0.8 1.0 
glucose solution (ml) 0 0.2 0.4 0.6 0.8 1.0 
Distilled water (ml) 1.0 0.8 0.6 0.4 0.2 0 
DNS reagent(ml) 2.0 
Heat All solution were boiled for 5min with water bath 
Cool Cooled it with flowing water immediately 
Distilled water (ml) 9.0 
A540nm 0 0.381 0.804 1.265 1.537 2.010 
The solution were boiled for 5min with water bath after the addition of 1ml sample solution and 2ml 
DNS reagent in 25ml comparison tubes,then pick it out and cooled immediately with flowing water. After 
the addition of 9.0ml distilled water, it was measured with spectrophotometry at 540nm with the blank to 
contrast, the content of glucose can be obtained from the glucose standard curve according the 
absorbance. 
2.5 Determination of microbial oil 
The microbial oil was determined by Soxhlet extraction method [19]. Cells in Solid substrate 
fermentation were broken by freezing and meltting alternately so that the microbial oil can be released. 
Then 3g of samples were put into a small beaker to dry at 72  for 2h .A piece of filter paper(8cm×8cm) ć
was put at the bottom of the extraction tube. After the small flask of Soxhlet extractor was dried at 
103~105  for 2h, it was cooled in dryer and weighed with electronic analytical balance, then 1 /3ć -1/2 
volume of anhydrous ether was poured in. Every section of Soxhlet extractor was linked together and was 
heated in water bath at 44  for 4h.When anhydrous ether was completely into the small flask, take out ć
the filter paper and return it again till diethyl ether in extraction tube was close to the top of siphon and 
was not flow into the small flask, poured the solvent in the extraction tube and heated the small flask till 
the solvent was evaporated. After that, the small flask was weighed when dried at 103~105  for 3ć 0min 
and was cooled at room temperature. The content of microbial oil can be obtained from the increased 
weight of the small flask. 
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2.6 Two-step fermentation experiment 
Solid state fermentation medium of corn stalk powder was prepared to culture Trichoderma koningii at 
28ćfor some time. Then the production was re-fermented by Trichosporon cutaneum at constant 
temperature to produce microbial oils. The best process conditions can be obtained by measuring the 
content of reducing sugar and microbial oils in product [20]- [22]. 
3. III. Results 
3.1 Glucose standard curve 
A series of glucose standard solutions were prepared and were determined with spectrophotometry at 
540nm , and the glucose standard curve was drawn in which the absorbance was expressed as ordinate 
while the standard concentration of glucose solution was expressed as abscissa. The results of the glucose 













Fig.1 Standard curve of glucose 
3.2 Determination of the process conditions of the first-step fermentation 
The inoculum of Trichoderma koningii, the ph of the initial fermentation and the culture time were set 
as three factors and three levels of each were taken. The optimal conditions were obtained by L9˄3
3
˅ 
orthogonal test through measuring the content of reducing sugar in product. Orthogonal test design of the 
first-step fermentation is listed in Table II and results of the orthogonal test and data analysis is listed in 
Table III. 
Table II Orthogonal test design of the first-step fermentation 
Level Inoculum (A)/% Ph (B)/ ć Culture time (C)/d 
1 9 4 5 
2 11 5 6 
3 13 6 7 
Table III Results of the orthogonal test and data analysis of the first-step fermentation 
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Test Inoculum (%) pH Culture timeΰdα 
Content of reducing 
sugarΰmg/mlα 
1 9ΰ1α 4ΰ1α 5ΰ1α 0.467 
2 11ΰ2α 4ΰ1α 6ΰ2α 1.822 
3 13ΰ3α 4ΰ1α 7ΰ3α 1.093 
4 9ΰ1α 5ΰ2α 6ΰ2α 0.268 
5 11ΰ2α 5ΰ2α 7ΰ3α 1.063 
6 13ΰ3α 5ΰ2α 5ΰ1α 2.686 
7 9ΰ1α 6ΰ3α 7ΰ3α 1.195 
8 11ΰ2α 6ΰ3α 5ΰ1α 2.385 
9 13ΰ3α 6ΰ3α 6ΰ2α 0.829 
k1 0.644 1.127 1.846  
k2 1.756 1.339 0.973  
k3 1.536 1.470 1.117  
Range 1.113 0.342 0.873  
It can be seen from Table III that the best combination was A2B3C1. The order of range values is 
RA>RC>RB. Among all factors, Inoculum is the most influential factor in the experiment and followed 
by culture time, ph is the least influential factor. The reducing sugar content of the corn stalk fermented 
by Trichoderma koningii was 2.385mg/ml when the inoculum of Trichoderma koningii was11 % at pH6 
for 5d. 
3.3 Determination of the process conditions of the second-step fermentation  
The inoculum of Trichosporon cutaneum, the cuture temperature and the cuture time were set as three 
factors and three levels of each were taken. The optimal conditions were obtained by L9˄33˅ 
orthogonal test through measuring the content of microbial oil in product. Orthogonal test design of corn 
stalk fermented by Trichosporon cutaneum is listed in Table Čand results of the orthogonal test and data 
analysis of corn stalk fermented by Trichosporon cutaneum are listed in Table č. 
 
 








1 9 26 6 
2 11 28 7 
3 13 30 8 








Content of oil 
(g/100g) 
1 9ΰ1α 25ΰ1α 6ΰ1α 0.439 
2 11ΰ2α 28ΰ2α 7ΰ2α 1.276 
3 13ΰ3α 31ΰ3α 8ΰ3α 0.278 
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4 9ΰ1α 25ΰ1α 7ΰ2α 0.316 
5 11ΰ2α 28ΰ2α 8ΰ3α 0.893 
6 13ΰ3α 31ΰ3α 6ΰ1α 0.395 
7 9ΰ1α 25ΰ1α 8ΰ3α 0.228 
8 11ΰ2α 28ΰ2α 6ΰ1α 0.403 
9 13ΰ3α 31ΰ3α 7ΰ2α 0.326 
k1 0.664 0.328 0.411  
k2 0.535 0.857 0.639  
k3 0.319 0.436 0.466  
Range 0.345 0.529 0.228  
It can be seen from Table ҋthat the best combination is A1B2C2. The order of range values is 
RB>RA>RC. Among all factors, culture temperature is the most influential factor in the experiment and 
followed by inoculum,culture time is the least influential factor. The microbial oils content of the corn 
stalk re-fermented by Trichosporon cutaneum is 1.276g per 100g fermentation products under the 
inoculum of Trichosporon cutaneum is 9 % at 28ć for 7d.  
4. Conclusions and Discussion 
1) The reducing sugar content of the corn stalk fermented by Trichoderma koningii was 2.385mg/ml
under the inoculum of Cellulomonas flavigena of 5 % at 31  for 3d. The microbial oils content of the ć
corn stalk re-fermented by Trichosporon cutaneum was 1.276g per 100g fermentation products under the 
inoculum of Trichosporon cutaneum of 11 % at 28  for 7dć . 
2) The content of microbial oils in fermented products is not only be decided by the genetic 
characteristics of the cells, but also with the culture conditions. If we will explore the best pretreatment 
method of the corn stalks further to improve the conversion rate of polysaccharide or if we will do 
genetic transformation to Trichosporon cutaneum to improve the production rate of microbial oils and 
also if we will explore the optimal fermentation conditions such as temperature, time, pH, dissolved 
oxygen, agitation speed, inoculum size, medium etc. in the fermenter to gain the best fermentation 
kinetics, the oil production is expected to increase further. 
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